Purpose: To evaluate and improve the 7 th edition International Union against Cancer/American Joint Committee on Cancer staging system for nasopharyngeal carcinoma. Methods: A retrospective review of the data from 905 patients with biopsy-proven non-disseminated nasopharyngeal carcinoma was performed. All the patients were examined by magnetic resonance imaging (MRI) and received radiotherapy. Results: Satisfied distributions among the stages were observed in the 7 th edition staging systems. LRFS only differed in classifications betweenT1 and T3, T1 and T4 (P=0.022 and P=0.016, respectively). Significant differences were observed between patients without and with masticator space involvement for OS, DMFS and PFS (p<0.05). No statistically significant differences in LRFS were observed among different groups with anatomical masticator space involvement. The DMFS between N2 and N3b, N3a and N3b were lack of significance (P=0.060 and P=0.59). The T category and N category were independent prognostic factors for the major endpoints in the Cox multivariate regression analysis (P<0.01). Conclusion: This study confirmed the prognostic value of the 7 th edition UICC/AJCC staging system, the revisions of the 7 th edition staging system are acceptable. However, our study also revealed limitations in the current staging system and suggested some potential modifications in future revision.
Introduction
Nasopharyngeal carcinoma (NPC) is one of the most prevalent malignancies of head and neck in Southeast Asia and southern China, with a high incidence of about 25-50/10 5 individuals per year [1] [2] . Distant metastasis and recurrence occur frequently in NPC after treatment [3] [4] [5] . The nasopharyngeal carcinoma TNM staging system is crucial for evaluating the prognosis, guiding treatment strategy for different risk groups and facilitating exchanging experiences between multiple treatment centers [6] . However, there was no worldwide accepted staging system for NPC until the merge of the International Union against Cancer (UICC) and the American Joint Committee on Cancer (AJCC). UICC/AJCC staging Ivyspring International Publisher system, amalgamating both Western and Eastern experiences and advocating the staging system, was widely used in the past several decades. The stage assignment and disease prognosis are affected by the improvement of diagnostic and therapeutic technology [7] . Revision is a factor that makes the TNM system the most clinically useful staging system and accounts for its worldwide use [2] . Thus, the UICC and AJCC periodically modify the TNM system in response to newly acquired clinical data and prognostic factors [6] .
The most recently advocated 7 th edition of UICC/AJCC for nasopharyngeal carcinoma is a common set of recommendations from the revision of the previous 6 th edition. Several recommendations that derived from the 6 th edition [8] [9] have been advocated. Patients with oropharynx and nasal fossa involvement, which were T2a category in the 6 th edition, are reclassified to T1. Anatomic masticator space involvement is categorized into T4. In the 6 th edition UICC/AJCC staging system, the term ''masticator space'', defined as extension beyond the anterior surface of the lateral pterygoid muscle or beyond the posterolateral wall of the maxillary antrum and/or the pterygomaxillary fissure, was a synonym of infratemporal fossa. Compared with the 6 th edition, the 7 th edition adopted the description "primarily the muscles of mastication (the medial and lateral pterygoid, masseter and temporalis) enclosed by the superficial layer of the deep cervical fascia", as defined in classical radiological textbooks. Retropharyngeal lymph node is also clarified in the 7 th edition staging system. Retropharyngeal lymph node invasion, regardless of unilateral or bilateral location, is staged as N1.
Several studies have confirmed that the current 7 th edition staging system for NPC is acceptable, though there are limitations that need further modification [10] [11] . However, the follow-up periods of these studies were relatively short. In this retrospective study, we aimed to assess the prognostic value of the 7 th edition staging systems in nasopharyngeal carcinoma with a long-term follow-up.
Materials and Methods

Patients' characteristics
Between October 2004 and December 2005, 905  patients  with  newly diagnosed, untreated, non-disseminated NPC were included in this study. All patients underwent a pretreatment evaluation that includes a complete patient history, physical and neurological examinations, hematologic and biochemistry profiles, and MRI of the nasopharynx and neck, chest radiography and abdominal ultrasonography. Medical records and imaging studies were analyzed retrospectively, and the NPC stages of all patients were classified according to the 7 th edition of the UICC/AJCC staging system.
Treatment
Among these 905 patients, 520 (57.5%) patients underwent conventional two-dimensional radiation therapy, 246 (27.2%) patients underwent three-dimensional conformal radiation therapy (3D-CRT), and 139 (15.4%) patients underwent intensity-modulated radiation therapy (IMRT). The techniques of thermoplastic mask, low melting-point lead block, multi-leaf collimator (MLC) and source axis distance (SAD) were applied to radiotherapy. 6-8 MV supervoltage X rays generated by a linear accelerator were used for external irradiation. During the two-dimensional conformal radiotherapy, conventional fraction was given, and the dose for the primary lesion in the nasopharynx was 66 ~ 76 Gy/33 ~ 38 F. The dose for the cervical lymphatic drainage area was 50 ~66 Gy/25 ~ 33 F. supervoltage X rays added beta-rays were used to compensate the dose in consideration of skin and subcutaneous tissues in the neck. The prescribed radiation dosage of 3D-CRT were defined as follows: GTVnx (nasopharynx gross tumor volume): 65-70 Gy; GTVnd (positive neck lymph nodes volume): 60-70 Gy; CTV60 (clinical target volume 60): 60 Gy; CTVnx50 (nasopharynx clinical target volume 50): 50 Gy; CTVnd50 (neck nodal clinical target volume): 50 Gy. The prescribed radiation dosage of IMRT was defined as follows: 68 Gy in 30 fractions to the planning target volume (PTV) of the primary gross tumor volume (GTV-P), 60 to 64 Gy to the PTV of nodal gross tumor volume (GTV-N), 60 Gy to the PTV of CTV-1, and 54 Gy to the PTV of CTV-2 and CTV-N. In case of residual tumor confined in the nasopharyngeal cavity after external irradiation, afterloading irradiation was given at the dosage of 10-15Gy by 2-3 fraction. A total of 655 (72.4%) patients received chemotherapy, including various regimens of concurrent chemotherapy in combination with either neoadjuvant chemotherapy or adjuvant chemotherapy. Neoadjuvant or adjuvant chemotherapy consisted of two cycles of cisplatin with 5-fluorouracil or cisplatin with taxanes for every 3 weeks. Concomitant chemotherapy consisted of cisplatin given on weeks 1, 4, and 7during the radiotherapy (RT) process, or cisplatin given weekly (Table 1) . Salvage treatments (including intracavitary brachytherapy, surgery, and chemotherapy) were provided in the events of documented relapse or persistent disease when necessary. Details of the radiation therapeutic techniques used at the Cancer Center of Sun Yat-sen University have been previously described [12] [13] [14] . 
Follow-up and Statistical analysis
The follow-up duration was calculated from the first day of treatment to either the day of death or the day of the last follow-up. Patients were examined at least every 3 months during the first 2 years; thereafter, a follow-up examination was performed every 6 months for up to 5 years or until death. The time of last follow-up was January, 2015 and the median follow-up period was 86.4 months (range, 1.4-120.4 months).
All events were measured from the date of commencement of treatment. The following end points (time to the first defining event) were assessed: OS, LRFS, DMFS, and PFS. Local recurrence was confirmed by fiberoptic endoscopy and biopsy or only MRI. Distant metastases were diagnosed on the basis of clinical symptoms, physical examination, and imaging, including chest radiography, bone scanning, MRI, and abdominal sonography.
All statistical analyses were conducted with Statistical Package for the Social Sciences (SPSS) 16 .0 software (SPSS Inc., Chicago, IL). The survival rates were calculated by the Kaplan-Meier method, and survival differences were compared by the log-rank test. Multivariate analyses with the Cox proportional hazards model were used to calculate the hazard ratio (HR) and test independent significance by backward elimination of insignificant explanatory variables. Host factors (age and sex) were included as covariates in all tests. The criterion for statistical significance was set at p<0.05, 2-tailed T-test.
Results
Patient characteristics and treatment toxicity
According to the 7 th edition of UICC/AJCC staging system, balanced distributions could be achieved among different stages. 
Prognostic value of T classification
According to the 7 th edition staging system, there were significant differences of OS between classifications T1 and T3, classifications T1 and T4, classifications T2 and T3, and classifications T2 and T4 (P＜0.001 for all models, details shown in figure 1a) . However, LRFS only differed between classifications T1 and T3, T1 and T4 (P=0.022 and P=0.016, respectively). A marginal difference of LRFS was observed between classifications T2 and T3, T2 and T4 (P=0.051 and P=0.047, respectively, details shown in figure 1b) . The T classification was an independent prognostic factor of local treatment failure and overall treatment failure in COX multivariate regression analysis (P＜0.01). Hazard ratio of T categories by multivariate analysis was showed in Table 3 . Significant differences were observed between patients without and with masticator space involvement for overall survival (72% vs. 52%, p<0.01), distant metastasis-free survival (87% vs. 81%, p=0.032) and progress-free survival (77% vs. 70%, p=0.018). There were no differences observed for local relapse-free survival (88% vs. 86%, respectively; p=0.474). In addition, in order to investigate the prognostic significance and various classifications for anatomic masticator space involvement (MSI), patients with anatomic masticator space invasion were divided into two groups: Group 1, with medial and/or lateral pterygoid muscle involvement; Group 2, with infratemporal fossa involvement. There were no statistically significant differences between those groups in LRFS, DMFS and PFS (P=0.234, P=0.075 and P=0.062, respectively), except OS (p=0.002). To verify the effect of different MSI classification on patients, patients treated with 3D-CRT/IMRT and patients treated with 2D-CRT were analyzed separately. There were 385 cases in 3D-CRT/IMRT population, 73 with medial and/or lateral pterygoid muscle involvement and 14 with infratemporal fossa involvement. The result showed no statistical significances among LRFS (p=0.904), DMFS (p=0.158) and PFS (p=0.233), while a marginal significant difference in OS (p=0.046) was observed. However, in the 2D-CRT group, significant differences in LRFS (p=0.036) and OS (p=0.015) were observed.
Prognostic value of N classification
The long-term DMFS and PFS show well segregation between N classifications. The N3a has a lower OS and DMFS than N3b. However, the reliability of these results might be limited because of the small number of patients within these subgroups.
According to the 7 th edition staging system, significant differences of OS were achieved between N subsets except for those of classifications N1 and N2, classifications N3a and N3b (P=0.069 and P =0.903, details shown in figure 2a), and significant differences of DMFS were achieved except for those of classifications N2 and N3b, classifications N3a and N3b (P=0.060 and P =0.590, details were shown in figure 2b ). Hazard ratio of N categories by multivariate analysis was showed in Table 4 .
The N classification was an independent prognostic factor for distant and overall failure in COX multivariate regression (P<0.001). 
Prognostic value of stage grouping
The OS and PFS curves for clinical stage are shown in figure 3a to 3b. No deaths occurred in stage Ⅰ patients. The 10-year overall survival rates of stage Ⅰ-Ⅳb patients were 100%, 87%,65%, 54%, 40%, respectively. Significant differences of OS for clinical stage were achieved (P<0.05 for all models), but there were no significant differences of PFS between stages Ⅰ and Ⅱ, stages Ⅲ and Ⅳa (P=0.110 and P=0.492).
Multivariate analysis
The Cox proportion hazard model for multivariate analysis: age (≤46 years vs. >46 years), gender (female vs. male), T categories, N categories, chemotherapy (no vs. yes), and radiation techniques (2D-CRT vs. 3D-CRT/IMRT). The results showed that T categories were independent prognostic factors for OS, LRFS, DMFS and PFS in the Cox multivariate regression analysis (P<0.005). Moreover, N categories were independent prognostic factors for OS, DMFS and PFS. However, N categories were not independent prognostic factors for LRFS. The results of the multivariate analysis were shown in Table 5 . Discussion A reasonable staging system should offer balanced distributions, obvious hazard discriminations, reasonable hazard predictions and good outcome predictions. Previous retrospective studies have showed that the current 7 th edition of the UICC/AJCC staging system for NPC is useful in prognosis, and its superiority over the 6 th edition staging system has been reported [10] [11] . Our data confirmed that it is an acceptable system for most of our studies. However, some unsatisfactory aspects were revealed, especially due to lack of separation for the major endpoints among the T categories and lack of hazardous discrimination for DMFS between N3a and N3b.
For T categories, our data has showed that patients with oropharynx/nasal cavity erosion had better prognosis than patients with parapharyngeal space involvement. Previous studies reported lack of significant differences in LRFS among T stages according to the 6 th edition system [15] [16] . When using the 6 th edition staging system, the LRFS curves of T1 and T2a showed a trend toward overlap, while better separation was observed between T1 and T2 in the 7 th edition. However, no significant differences of LRFS were observed between classifications T1 and T2 according to the 7 th edition. T2a patients had similar recurrent rates with T1 patients, according to the 6 th edition system. Therefore, a reclassified the previous T2a to T1 would be more reasonable.
The criteria for defining masticator space were disputed before the 7 th edition was published. Anatomically, the masticator space contains the medial and lateral pterygoid muscles, the masseter muscle and the temporalis muscle, as described in radiology textbooks [17] [18] . However, masticator space in the 6 th edition was defined asextension beyond the anterior surface of the lateral pterygoid muscle or beyond the posterolateral wall of the maxillary antrum and/or the pterygo-maxillary fissure [19] . The study of Tang et al. showed anatomic masticator space involvement affected the overall survival and local relapse-free survival of NPC, and the authors recommended the anatomic masticator space involvement be categorized as classification T4. Similar conclusion was drawn from our study. Our data showed that anatomic masticator space involvement was identified as an independent prognostic factor for overall survival and progress free survival. As IMRT can provide more accurate dose distribution for targets and protection for important tissues, patients with infratemporal fossa involvement could get excellent radiotherapy efficacy. We proposed that anatomic masticator space should be taken into the staging system as a whole in the area of IMRT.
In our study, LRFS curves of classifications T3 and T4 in the 7 th edition staging system had a trend of mergence. It also revealed a lack of hazard discrimination for LRFS between classifications T1 and T2, T3 and T4, and a borderline significance for LRFS between T2 and T3(p=0.051). It is considered that the application of advanced diagnostic and therapeutic facilities and concurrent chemotherapy plus radiotherapy have contributed to this result. MRI can accurately indicate the primary tumor extension of NPC. Three-dimensional conformal radiotherapy and intensity-modulated radiotherapy have remarkable advantages in ensuring adequate dosage delivered to tumor and avoiding damages of tissues. The combination of 3D-CRT/IMRT with chemotherapy has increased the local control of NPC. As a result, T stage would have less effect on prognosis [21] [22] , thus, it would be necessary to simplify the staging system in the future. We trailed to merge T1 and T2 into T1 (hence T3 and T4 would become T2 and T3), T3 and T4 into T3 respectively, and analyzed survivals of these proposed staging system. A better separation of LRFS curves and hazard discrimination were observed when stages T1 and T2 were merged into T1. It seemed that it was more reasonable to classify the current T2 to T1.
For N categories, retropharyngeal lymph node (RLN), as the first nodal station for regional spread of NPC, has a high metastatic frequency [23] . RLN invasion, regardless of unilateral or bilateral location, is categorized as N1 by MRI in the 7 th edition staging system. But the prognostic value of RLN metastasis in patients with NPC is controversial. Ma, Pan and Tham et al. [24] [25] [26] demonstrated that RLN metastasis affects the DMFS rates of patients with NPC. The study of Tang [27] showed that no significant difference was observed between patients with and without RLN metastasis. In our study, the frequency of retropharyngeal lymph node metastasis was 56.1%. Significant differences of DMFS between classifications N0 and N1, classifications N1 and N2 were obtained. However, multivariate analysis showed RLN metastasis only had influence on OS, but no effect on DMFS and PFS. We supposed the main reason was RLN could probably get relatively high dosage, due to its location which was adjacent to the primary nasopharyngeal tumor, especially using IMRT. The use of combined chemotherapy also reversed the effect of RLN metastasis on DMFS. The proportion of N3a and N3b in our data were 18(2%) and 30(3.3%), respectively. These groups had worse prognosis than other N categories, but there was no significance between N3a and N3b for distant failure (P=0.59), which is similar to lee's study [11] . Data from Yue [28] also showed that patients with classifications N3a and N3b had similar prognosis. We propose that it is not necessary to subdivide N3a and N3b subgroups. Modification to merge N3a and N3b is reasonable to simplify the current staging system.
Study limitations
Our study comprised data from one center between 2004 and 2005, with a relative long follow-up. However, due to unavoidable economic limitations at that time, only 144 (15.9%) patients in our cohort underwent 3D-CRT/IMRT, and it might have a negative influence on evaluating the staging system accuracy when IMRT is the main radiation modality for NPC worldwide. Plenty of prognostic factors, such as EBV-DNA levels, tumor volume, biological and genetic factors are being studied presently. These factors and more relevant additional prognostic factors should be identified and validated to refine the present TNM system. As a retrospective study, our conclusions need to be confirmed by prospective studies with a relatively large cohort.
Conclusions
In summary, the 7 th edition staging system is better at predicting prognosis. It has an even distribution and good separation of survival curves among different stages. T classifications and N classifications were independent prognostic factors for most of the endpoints.
